The ecological status of an ecosystem can be approached by the taxa present but also by the size of individual organisms. In aquatic ecosystems, flow cytometry (FC) allows to study the individual size spectra and broad community composition through the evaluation of cytometric categories. The Red Sea represents a warm oligotrophic environment with a strong diel signal of vertically migrating mesopelagic fish, which feed at night at the surface and release dissolved organic carbon (DOC) at depth during daytime. However, knowledge about how these conditions affect the dynamics of heterotrophic prokaryotes (HP) and their coupling with DOC is lacking. Here, we analyzed a high frequency sampling over 24 h to identify the community structure and compositional changes of HP in the epipelagic and mesopelagic layers of the central Red Sea. Our results show marked vertical and diel changes in HP communities in both layers. Specifically, the relative contribution of high nucleic acid content cells was remarkably linked to changes in DOC concentration and properties. The patterns observed were likely associated to the diel vertical migration of mesopelagic fish. These findings reveal that the structure of microbial communities in warm oligotrophic environments may be more dynamic than previously thought.
Introduction
The community structure of an ecosystem is mainly driven by ecological traits (Petchey and Belgrano, 2010; Enquist et al., 2015) . Amongst these traits, body size stands out as a key variable related to many physiological and ecological processes encompassing metabolic rates from individuals to ecosystems. Several studies report that aquatic communities are strongly size structured (Quiñones, 1994; Cohen et al., 2003; Brown et al., 2004; Shurin et al., 2006) . In marine environments, microbial size distributions have been used to simplify the complexity of natural systems, providing valuable information about planktonic community dynamics (Cavender-Bares et al., 2001; Rinaldo et al., 2002; Dossena et al., 2012) .
Flow cytometry (FC) is the most common technique used to quasi-automatically obtain information about small (< 5 μm) individual planktonic organisms, with the advantage over other methods such as taxonomy-based analyses that is very simple and fast to apply (Gasol and del Giorgio, 2000; Li, 2002; García et al., 2014) . The right angle light scatter (RALS) or side scatter (SSC) signal are frequently used as a proxy for cell volume (Gasol and del Giorgio, 2000; Calvo-Díaz and Morán, 2006; Felip et al., 2007) , allowing the study of microbial community dynamics without taking into account the species composition (Blanchard et al., 2009) . The most popular models used to study the distribution of planktonic organisms are the normalized biomass size spectrum model (NBSS; Platt, 1985) and the Pareto distribution model (Newman, 2005) . The latter has been suggested to provide a better estimate than normalized biomass size spectrum slopes for aquatic systems (Vidondo et al., 1997; CavenderBares et al., 2001; Rinaldo et al., 2002) . FC counting of aquatic heterotrophic prokaryotes (HP), bacteria and archaea, also allows the extraction of information about their relative nucleic acid (NA) content. Thus it has become routine to distinguish between two major groups, universally distributed in marine and freshwater ecosystems, commonly known as low nucleic acid (LNA) and high nucleic acid (HNA) content cells, which have been demonstrated to be phylogenetically distinct (Zubkov et al., 2001; Mary et al., 2006; Schattenhofer et al., 2011; Vila-Costa et al., 2012) .
In marine environments, cell size and NA content have been found to be also variable within the HNA and LNA groups, both at seasonal and inter-annual time scales Huete-Stauffer et al., 2016) . However, the dynamics of both groups at the diel scale are poorly understood. Recently, we applied a novel FC approach based on the concept of 'cytometric diversity' coined by Li (1998) to assess seasonal changes in HP composition at a temperate site in the NE Atlantic. The method, which classifies the cells analyzed by FC into different cytometric categories, was able to reflect genetic diversity at a coarse scale (García et al., 2015) . In this work we used the same approach to describe the diel dynamics of the prokaryotic community in the tropical waters of the Red Sea.
HP metabolism (biomass production plus respiration) depends on the availability of labile dissolved organic carbon (DOC) (Gasol et al., 1998; Mével et al., 2008; Aristegui et al., 2009; Ghiglione et al., 2009; Morán et al., 2013; Carlson and Hansell, 2014) . It has been suggested that the HNA group is more dependent on freshly released DOC than the LNA group (Morán et al., 2013; Xu et al., 2013) . Shifts in picoplankton community structure at short time scales point to episodic physical forcing or periodic light changes as the main drivers of its diel variability (Pannard et al., 2008; Thomas et al., 2010) . Due to the presumed tight coupling between phytoplankton and HP in the epipelagic layer of oligotrophic environments, our expectation is a peak in surface HP abundance following the diel peak of DOC originating from primary production (Fuhrman et al., 1985; Gasol et al., 1998) . However, the circadian rhythms of protistan grazers and lytic viruses can also shape the variability in DOC availability and bacterial biomass at this short time scale (Atkinson et al., 1992; Nagata, 2000) . In the mesopelagic ocean (200-1000 m), where severe light limitaton limits the presence and precludes the activity of photosynthetic organisms, HP will depend on a smaller pool of labile DOC. However, recent studies focused on the deep ocean have revealed that this may be a domain more active than previously believed (Aristegui et al., 2009; Gasol et al., 2009; Robinson et al., 2010) .
The mesopelagic layer of the oceans harbours a large biomass of mesopelagic fish and other migrating animals that retreat there during the day to escape visual predation and return to the surface to feed at night (Steinberg et al., 2000 (Steinberg et al., 2002 Irigoien et al., 2014; Klevjer et al., 2016) . This phenomenon, known as diel vertical migration (DVM) has been also documented in the Red Sea (Klevjer et al., 2012; Røstad et al., 2016) , but its effects on the supply of DOC to the HP community of the mesopelagic realm remains unknown.
Here we use a high-resolution flow cytometry-based database to evaluate the diel dynamics of HP and their possible dependence on the available carbon substrates. Changes in DOC concentration and spectroscopic properties were examined in conjunction with changes in LNA and HNA cell abundance, size and 'cytometric diversity' to evaluate the diel coupling between microbes and DOM at epipelagic and mesopelagic layers. To ensure representative sampling of the full water column of about 700 m, samples were taken at 12 depths every 2 h over a full day (24 h) at a mesopelagic station located in the central eastern Red Sea close to Thuwal, Saudi Arabia.
Results

Vertical distribution patterns
To assess the general differences between the light and dark periods, we divided our dataset into day-time (casts performed between sunrise and sunset) and night-time (casts performed between sunset and sunrise). The mean vertical profiles during day-time and night-time show important differences with depth for most of the variables monitored (Fig. 1) . Temperature decreased from 31.6 C at the surface to 22.0 C at a depth of 200 m, remaining stable thereon down (Fig. 1A) . No significant differences were recorded between day and night-time temperatures (Fig. 1A) . Chlorophyll a fluorescence (R. U.), showed a marked deep chlorophyll maximum (DCM) at 50 m (Fig. 1B) , and did not show significant differences between day and night either. DOC concentration showed slightly higher values during day-time than during night-time through the water column [average difference was 2.49 AE 1.59 (SEM) μmol C l −1 , Fig. 1C ]. Vertical DOC variation was greater than daily variation, with concentrations of 74.8 AE 1.53 μmol C l −1 at the surface (5 m) that declined along the thermocline and averaged 48.40 AE 0.64 μmol C l −1 below 200 m (Fig. 1C) . The DOC depth average spectral slope ratio (S R ) varied between 1.1 AE 0.24 (700 m at day-time) and 2.3 AE 0.11 (5 m at night-time) (Fig. 1D ). It decreased with depth and showed consistently smaller values during day-time than during night-time throughout the whole water column. The differences were especially noticeable below 300 m (Fig. 1D ). Heterotrophic prokaryotes (HP) abundance peaked at 25 m (maximum 5.6 × 10 5 cells ml −1 at 20:00 h), then it decreased rapidly until 100 m depth, remaining quite stable downward (8.0 × 10 4 AE 1.6 10 3 cells ml −1 ). The averaged day and night HP values did not show significant differences (Fig. 1E) . The percentage contribution of HNA cells to total abundance (%HNA) was 47.9% AE 2.4% at the surface and increased to 58.7% AE 1.2% at 300 m and 57.6% AE 1.3% at 200 m during day and night-time respectively (% HNA, Fig. 1F ). At 25 m (coincident with the HP abundance peak) %HNA showed the minimum during day-time but a relative peak during night-time. From 200-300 m to the bottom, %HNA decreased in both the night and day profiles, respectively, although higher values were consistently measured during day-time.
To further study the dynamics of HP communities we used the size distribution of the cells composing the community (see section on 'Experimental procedures'). Changes in the size spectrum slopes between sampling times were observed (Supporting Information Fig. S1 ), becoming more evident when we differentiated between the day and night-time profiles. To statistically evaluate the changes in the dynamics of the community we used a linear mixed effect model (see section on 'Experimental procedures'). The final model was a random slope model (p < 0.001) revealing significant differences in the size distribution of HP communities with sampling time and depth. Hence, we further explored the community size distribution variation vertically and temporally comparing the pattern found during the day and night-time.
The absolute pareto slope measured with the two cytometric variables, SSC and FL1, showed a marked structure with depth ( Fig. 2A) , as did the mean cytometric diversity and HP biovolume (Fig. 2B ). SSC and FL1 pareto slopes decreased from the surface to 100 m. The FL1 pareto slope remained fairly constant at depths below 100 m, and the SSC pareto slope showed a slight increase from 100 to 700 m with some fluctuations in the layer between 450 and 600 m ( Fig. 2A) . Cytometric diversity and biovolume profiles increased from the surface to 100 m and then both variables showed a slight decrease down to 700 m, with some fluctuations also between 450 and 600 m (Fig. 2B ). Quantitatively, we found significant correlations between cytometric diversity and the pareto slope values (SSC, n = 155, r = 0.88, p < 0.001; FL1, n = 155, r = 0.56, p < 0.001) and between biovolume and both the SSC (n = 155, r = 0.76, p < 0.001) and pareto slope values (FL1, n = 155, r = 0.54, p < 0.001) respectively. Due to the significant correlation between FL1 and SSC slopes (n = 155, r = 0.5, p < 0.001) and also between cytometric diversity and biovolume (n = 155, r = 0.60, p < 0.001), we will focus on the changes in the pareto slope estimated using only the SSC property and the cytometric diversity in order to simplify the following analyses.
Diel variability
For assessing the dynamics throughout the diel cycle we divided the dataset into epipelagic (< 200 m) and mesopelagic layers (≥ 200 m). Cyclical but different patterns in the dynamics of the size distribution of HP were found at the two layers (Fig. 3 ). In the epipelagic layer, a marked decrease in the SSC pareto slope was recorded from 14:00 h to around 16:00 h followed by an increase until sunset ($ 18:00 h). A decrease was recorded during night-time with minimum around 2:00 h, which subsequently increased markedly from sunrise until noon (Fig. 3A) . Cytometric diversity showed a diel pattern inverse to that of SSC (Fig. 3B ). In the mesopelagic layer, maximum values were consistently observed around noon with minima after the sunset and sunrise (20:00h, 8:00 h) in the SSC pareto slope (Fig. 3C ). Cytometric diversity showed again an inverse diel pattern compared with that observed for SSC at the mesopelagic layer (Fig. 3D ). We also found a similar pattern between the SSC and FL1 slopes along the diel cycle ( cytometric diversity and cell biovolume at both layers ( Fig. 3B-D, Supporting Information Fig. S2b-d) .
A strong inverse correlation between changes in the community structure (pareto slope) and cytometric diversity was found using all data (Supporting Information Fig. S3a , n = 155, r = −0.88, p < 0.01 for Shannon index, and Supporting Information Fig. S3b , n = 155, r = −0.75, p < 0.01 for Chao index). This means that we obtained higher 'cytometric diversity' values for communities presenting a lower pareto slope (i.e., flatter SSC pareto distribution) and lower 'cytometric diversity' values for communities presenting a higher pareto slope (i.e., steeper SSC pareto distribution). Changes in the pareto slope were also associated with changes in mean biovolume. Flatter slopes were observed in samples containing an increased presence of larger heterotrophic cells (Supporting Information Fig. S4a , n = 155, r = −0.76, p < 0.01). The correlation between the changes in the pareto slope and mean biovolume was primarily driven by changes in the cell size of HNA cells (Supporting Information Fig. S4b , n = 155, r = −0.69, p < 0.01), since no significant relationship was found with LNA cells (Supporting Information Fig. S4c ).
We found a significant and inverse correlation between %HNA and DOC concentration throughout the 24 h sampling (n = 155, r = −0.43, p < 0.01). In the upper 200 m, %HNA showed a cyclical trend with maximum values (50%-55%) around sunset and sunrise ($18:00 h and 6:00 h) and minimum values (40%-45%) at noon and at midnight (Fig. 4A) . A similar %HNA pattern was found in the mesopelagic layer, with the exception that the afternoon showed a decrease in %HNA rather than an increase (Fig. 4D) . The DOC diel cycle also showed similar patterns in the epipelagic and mesopelagic layers. Initial DOC concentrations in the epipelagic layer experienced an apparent consumption rate of 0.72 μmol C l −1 h −1 during the afternoon and past midnight, and showed a weak production rate of 0.38
afterward (Fig. 4B ). In the mesopelagic layer, DOC remained relatively constant from noon until midnight, after which a net consumption was observed reaching a minimum value at sunrise (Fig. 4E) , coincident with a maximum in % HNA (Fig. 4D) . DOC increased from sunrise till noon of the next day (Fig. 4E) .
Diel variations in the DOC spectral slope ratio (S R ) were also observed and were markedly different between the epipelagic and mesopelagic layer. In the epipelagic layer S R was low during the early afternoon, and started to rise during the evening, reaching its maximum at around 20:00 h and decreased again at midnight, to smoothly increase until midday the following day (Fig. 4C ). In the mesopelagic layer S R showed low values during the day and started to increase at sunset. The values intensified during the whole night until sunrise, when they started to decrease again (Fig. 4F) . Figure 5 shows the distribution of vertically migrating animals in an echogram with the acoustic data recorded during the 24 h sampling. Three scattering layers were clearly distinguishable during daytime, a thin layer around a depth of 200 m, a thicker one between 400 and 500 m with higher intensity between 450 and 500 m and a weaker layer between 500 and 600 m (Fig. 5) . During the night almost 100% of the signal was located in the epipelagic layer. The vertical migration from the mesopelagic layer to the surface started at sunset ($ 18:00 h) and from the surface down to the mesopelagic layer started, a bit earlier than sunrise ($ 6:00 h).
Discussion
Using an intensive sampling effort, we demonstrated synchronous changes in the vertical distribution of microbial communities in the Red Sea over the course of the diel cycle. Our results also revealed a consistent coupling between the diel dynamics of DOC sources and the changes in the size structure and composition of HP communities, at both the epipelagic and the mesopelagic layer of the sampled water column (0-700 m). As in its northern reaches, the central Red Sea is characterized by high salinity ($ 39.0) (Ngugi et al., 2012) , low inorganic nutrients (Kürten et al., 2016) and relatively high water temperatures (24 C-32 C) in the epipelagic layer, and low oxygen concentrations in the mesopelagic layer (< 1 mg l −1 or < 9.2% AE 1.1% temperature corrected oxygen saturation) (Qian et al., 2011; Pearman et al., 2017) . Similar to other oligotrophic regions, the Red Sea is frequently assumed to remain invariable for periods of weeks, however, it experiences its main seasonal phytoplankton bloom in epipelagic waters during winter (Calbet Although not yet explored for the Red Sea, phytoplankton temporal changes may affect HP distribution in the surface layer as reported elsewhere (Nagata, 2000; Lefort and Gasol, 2014) . The few reports that describe HP distribution in the Red Sea have mainly examined vertical changes (Calbet et al., 2015; Qian et al., 2011) . Here we have combined the study of diel and vertical changes on HP in the Red Sea and examined how they might be affected by the changes in the DOC availability at this scale in the epipelagic and mesopelagic layers. This work is therefore, to the best of our knowledge, the first to explore environmental and HP community changes throughout the entire water column on a diel time scale in the Red Sea.
In our study we focus on size structure and composition of the community comparing "cytometric diversity" (composition) and changes in the size structure (pareto slope) (Supporting Information Fig. S3 ). The higher Shannon and Chao indexes observed when the pareto slope decreased (Supporting Information Fig. S3a and b) is indicative of a more diverse and rich HP community when the slope becomes flatter due to a higher presence of large cells. This was particularly noticeable at a depth of 500 m, where the acoustic scattering layer, mostly occupied during day-time by mesopelagic migrating fish, was the most concentrated (Fig. 5) . At this depth, a relative minimum in the pareto slope was coincident with a peak in 'cytometric diversity' (Fig. 2) .
HP abundances in the surface were apparently associated to higher DOC concentrations, particularly during the day-time (Fig. 4) , suggesting a tight coupling between phytoplankton production of labile DOC and its subsequent consumption by HP, as previously reported in other regions (Gasol et al., 1998; Kuipers et al., 2000; Mével et al., 2008) . There is evidence that the more active HP taxa are usually found in the HNA group (Schattenhofer et al., 2011; Vila-Costa et al., 2012) while LNA cells are known to include mostly oligotrophic taxa, such as the SAR11 clade (Hill et al., 2010; Schattenhofer et al., 2011; Vila-Costa et al., 2012) . It has been reported that SAR11 represents the dominant HP group across the Red Sea, contributing approximating 60% to the HP community abundance at the surface (Ngugi et al., 2012 , Pearman et al., 2017 . Here, we found some evidences of a higher contribution of LNA cells in the epipelagic layer than in the mesopelagic layer, especially during day-time (Fig. 1F ), which suggests a better adaptation of LNA cells to the high irradiance high temperature and low inorganic nutrient concentration waters that characterize the surface oligotrophic oceans year-round and temperate ecosystems during summer . LNA cells might also seem more dependent on fresh phytoplankton derived DOC than HNA cells, contrary to previous works (Morán et al., 2011; Carlson and Hansell, 2014; Morán et al., 2015) , although the preference of grazers for HNA over LNA cells may also have a role in keeping low HNA numbers at the surface (González et al., 1990; Lefort and Gasol, 2014) .
The significantly higher S R values in the light casts relative to the dark ones were persistent through the whole water column (Fig. 1D) , suggesting a higher contribution of aromatic and high molecular weight compounds (Helms et al., 2008) at both layers during the day. Although this finding is confined to the chromophoric dissolved organic matter (CDOM) pool and one should be cautious extrapolating it to the entire DOC pool, our results support the hypothesis of Amon and Benner (1996) , suggesting that bioreactive, labile high molecular weight compounds produced during the day turn into more recalcitrant low molecular weight compounds during the night (Figs. 1D and 4C-F) . HNA cells dominated the whole mesopelagic layer, suggesting a better adaptation to darkness and higher dependence on carbon resources other than fresh photosynthate. The steady increase in the contribution of HNA prokaryotes from the surface to 200 m depth also concurred with the overall increase in cytometric diversity (Figs. 1F and 2B) , consistent with the aforementioned idea of a more diverse and versatile group.
Our results also suggest a change in the microbial community structure in the layer located between 400 and 550 m (Fig. 2) . This is a region where vertically migrating organisms retreat during the day to find refuge from efficient visual predators (Brierley, 2014; Giske et al., 2013; Røstad et al., 2016) , and rapidly migrate back to epipelagic waters to feed at night. These diel vertical migration (DVM) likely alter DOC dynamics and HP communities in the entire water column. The tight coupling between the increase in % HNA and consumption of DOC observed in the diel cycle of the mesopelagic layer supports this hypothesis. Moreover, an increase in % HNA during the day was coincident with a slight increase in DOC concentration at 500 m and with low values of S R between 400 and 500 m (Fig. 1) . Mesopelagic fish stay at these depths during the day digesting and ultimately emptying their stomachs (Dypvik and Kaartvedt, 2013) , thus releasing carbon consumed at night in the surface layer that may serve as a highly labile carbon substrate to the HP community (Calleja et al., 2018) . We hypothesize that daily pulses of DOC enriched in high molecular weight compounds (and hence lower S R ) at the depths occupied by vertically migrating animals during day-time could be supporting a more diverse heterotrophic prokaryotic community at this layer.
Although the DOM-HP coupling throughout the diel cycle in the ocean epipelagic layer has long been reported (Gasol et al., 1998; Kuipers et al., 2000) , this is, to our knowledge, the first report of a similar finding in the mesopelagic layer. Our results display a higher apparent DOC consumption in the epipelagic than in the mesopelagic layer, both occurring during night-time ( Fig. 4B-E) , when the likely sources of DOC are either dormant (phytoplankton) or absent (vertically migrating animals). The maximum diel value of S R in the mesopelagic layer was coincident with the minimum DOC concentration and the maximum %HNA (Fig. 4) , suggesting that HP use of high molecular weight compounds during the night may leave behind more refractory low molecular weight material during the day. Differences in the exact timing between DOC uptake and %HNA increase could be due to differences in lability between deep and shallow DOC (Calleja et al., 2018) . However, the homogeneous DOC concentration measured from noon to 22:00 h in the mesopelagic layer did not match the constant decrease in %HNA (Fig. 4D) , suggesting that other factors such as grazing (González et al., 1990; Gasol et al., 1995; Del Giorgio et al., 1996) , not investigated here, may also play a role in shaping the HP community at depth. It should be noted that %HNA was not only consistently higher in the mesopelagic layer than in the epipelagic layer, as previously documented (Gomes et al., 2014) , but it also showed a greater variability at depth than at the surface (47%-60% at the mesopelagic layer vs. 40%-55% at the epipelagic layer). This finding seems to suggest that more active HP might be present in the mesopelagic zone.
In summary, our results reveal the potential of flow cytometry as a powerful complementary tool to help decipher the complexity of processes mediated by HP communities. Our data reveal unexpected, yet consistent diel changes in the oligotrophic waters of the central Red Sea, not only in the well lit epipelagic layer, but also in the twilight zone, where the presence or absence of vertically migrating fish seems to have a strong impact on labile DOC supply rates, further triggering changes in microbial communities. Our results point out the need to conduct similar studies elsewhere examining diel changes in DOM-microbial interactions throughout the entire water column, especially at those depths occupied by migrating organisms during day-time. If their effect on HP proves to be general, the implication for carbon pools and fluxes in the deep ocean are far reaching and may help close some of the current uncertainties.
Experimental procedures
Sampling site
Sampling was performed at a station in the central Red Sea (off King Abdullah Economic City, KAEC, 22.46 N 39 .02 E) over 24 h from the 5th to the 6th of September 2015 on board of R/V Thuwal. Samples were collected every 2 h at 12 different depths from the surface to the near bottom at 700 m. A SeaBird SBE 9 CTD was used to measure temperature, salinity, dissolved oxygen and chlorophyll a fluorescence.
Dissolved organic carbon and chromophoric dissolved organic matter
Samples for DOC were collected on glass vials, acidified with H 3 PO 4 to obtain pH values of 1-2, and kept in the dark at 4 C until analysis by high temperature catalytic oxidation (HTCO) at the laboratory. Samples from the upper 100 m were pre-filtered through pre-burned GF/F Whatman filters. All glass material used was previously acid cleaned and burned (450 C, 4.5 h). Consensus ref-
erence material of deep sea carbon (42-45 μmol C l −1 ) and low carbon water (1-2 μmol C l −1 ), provided by D. A.
Hansell (University of Miami), was used to monitor the ultimate accuracy of DOC concentration measurements. Samples for CDOM were collected in the same manner (avoiding acidification) and stored at 4 C and kept in the dark until analysis. All samples were measured with a 10 cm path-length quartz cuvettes, using Milli-Q water as a reference on a Shimadzu dual beam UV-1800 spetrophotometer. Spectra were measured from 200 to 800 nm every 1 nm. The average absorbance value within the range 700-800 nm was subtracted from each absorbance scan to correct for scattering. Absorbance measurements were transformed to absorption coefficients (m −1 ) by multiplying by 2.303 and dividing by the path length (0.1 m). The spectral slopes S 275−295 and S 350−400 were obtained from the regression lines of the natural logarithms of the absorption coefficients versus wavelengths in the range of 275-295 and 350-400 nm respectively. These ranges were chosen because the higher variability in the slope (S R ) occurs in these two intervals. The spectral slope ratio, S R , calculated by dividing S 275−295 by S 350−400 , was used as a proxy to variations in the CDOM molecular weight (Helms et al., 2008) .
Heterotrophic prokaryotes analyses by flow cytometry
Heterotrophic prokaryotes (HP) samples were preserved with 1% para-formaldehyde +0.05% glutaraldehyde and frozen at −80 C. To analyze heterotrophic prokaryotes, aliquots of 0.4 ml were stained with SYBR Green I (1:10,000 final dilution of initial stock) and run using a FACSCanto flow cytometer (BD) equipped with a laser emitting at 488 nm. As internal standards used to calibrate the flow cytometric signals, 1.0 μm fluorescent latex beads (Molecular Probes) were added to each sample. Samples were analyzed at low (mean: 19 μl min −1 ) flow rate, until an acquisition of 10,000 events was reached. The flow rate was calibrated daily at each batch of samples using the gravimetric method. Flow cytometry standard (FCS) files were gated automatically following the methodology described in García et al. (2014) . This methodology uses a model-based clustering for automatically detecting the different population that appears in a flow cytometry sample. Side scatter (SSC), green fluorescence (FL1) and red fluorescence (FL3) are common flow cytometric variables used to identify HP groups (Gasol and del Giorgio, 2000) . These variables were used for the automatic clustering of the different populations.
File analysis
Flow cytometry standard (FCS) files were read into R (R Development Core Team, 2013) using the Bioconductor package flowCore (Hahne et al., 2009) providing flow cytometric signals for each cell and gated automatically following the methodology described in García et al. (2014) . This tool allows the automatic differentiation of the groups of cells that appears in a FCS file analyzed by flow cytometry using a model-based clustering approach.
Size-structure study (Pareto distribution)
The size distribution of cells was used to estimate a pareto curve using the relative SSC as a proxy of cell size. The number of individuals counted and sized by FC to create the pareto curves ranged from 576 to 6742. We have also performed this analysis using the relative FL1 signal as a proxy for nucleic acid content of each single cell. We represent the spectra as prob(s > S), which represents the probability that a cell with a random size S, is greater than a given size s.
where, s is cell size, N is the number or abundance of cells falling within this size class and N T is the total number or abundance of cells. A Pareto curve was created with the size distribution of cells measured by flow cytometry for each cast and depth. Both linear and polynomial fitting were performed and slopes estimated for SSC and FL1 distributions were used as indicative to assess changes in community composition.
Cytometric diversity and biovolume estimates
Flow cytometry samples were processed following the methodology of García et al., 2014. SSC, FL1 and FL3 cytometric signals were used to separate HP groups. To estimate cytometric diversity we used the methodology described by García et al. (2015) . We calculated Shannon-Weaver diversity index and Chao richness index to study the diversity patterns of HP communities along the 24 h sampling. All the analyses were performed with R (R Development Core Team, 2013) and the diversity estimates were performed using the R package "vegan" (Oksanen et al., 2012) . The biovolume was estimated from the SSC measurement provided by the flow cytometer. SSC units were converted into cell size units using the calibration reported by Calvo-Díaz and Morán (2006) .
Acoustic data acquisition
Parallel continuous acoustic measurements were performed during the 24 h sampling with a Simrad EK60 38 kHz echosounder mounted on the ship's hull (Fig. 5) . In order to get higher quality measurements of the fish's full diel cycle ( Fig. 5) with less acoustic noise, a mooring with the same type of echosounder was deployed on the seafloor 1 day prior to the diel cycle as described by Røstad et al., (2016) at the same location.
Statistical analyses
The changes in the HP community along the vertical profile during the 24 h were studied using a mixed effects model (Gelman and Hill, 2007) . This model allows to the estimation of the slope of the community size spectra, and to quantify the variability in the distribution associated to changes with time, depth and light (introduced as a factor with two levels; day and night). The fixed effects terms were selected by starting with the most complex model and were simplified by removing the nonsignificant terms. The model was fitted using restricted maximum likelihood (R Development Core Team, 2013) with the package nlme (Bates et al., 2014) in R (R Development Core Team, 2013). Model selection was based on Akaike Information Criterion (AIC) and Bayesian Information Criterion (BIC). All models were fitted using time as a random effect variable. To assess the vertical dynamic, we divided the dataset into day-time and night-time. Averaged data from the casts performed between 6:00 h (sunrise) and 18:00 h (sunset) represent the day-time period while data averaged from the casts performed between 18:00 h and 6:00 h represent the night-time period.
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